Protein splicing: evidence for an N-O acyl rearrangement as the initial step in the splicing process.
Protein splicing involves the self-catalyzed formation of a branched intermediate, which then resolves into the excised intervening sequence and the spliced protein. A possible mechanism for branched intermediate formation is an N-O rearrangement of the peptide bond involving the amino group of the conserved serine/cysteine residue at the upstream splice junction to yield a linear peptide ester intermediate. This possibility was examined in using an in vitro splicing system involving the intervening sequence from the DNA polymerase of the extremely thermophilic archeon, Pyrococcus sp. GB-D. Because thioesters react much more rapidly with nitrogen nucleophiles at neutral pH than do oxygen esters, protein-splicing precursors in which the serine residue of interest was replaced by cysteine were constructed and purified. In the presence of 0.25 M hydroxylamine or 0.1 M ethylene diamine at pH 6 or higher, these constructs underwent rapid cleavage at the upstream splice junction, consistent with the aminolysis of a thioester. The site of hydroxylaminolysis was identified by analysis of the C-terminus of the polypeptide cleavage products. Comparison of the C-terminal peptide hydroxamate with the synthetic peptide hydroxamates with respect to chromatographic mobility, colorimetric assay, amino acid composition, and high-resolution mass spectrometry showed that the hydroxylamine-sensitive site in the splicing precursor was the peptide bond adjacent to the serine residue at the upstream splice junction. These results provide evidence that the peptide bond at the upstream splice junction can undergo a self-catalyzed N-O or N-S acyl rearrangement to yield a linear polypeptide ester intermediate and suggest that this kind of rearrangement constitutes the first step in protein splicing.